Prussian carp is today widespread in Turkey because it is commonly stocked either accidentally or intentionally together with Cyprinus carpio, which is introduced, in particular, into artificial water bodies to support commercial or recreational fisheries (Özuluğ et al. 2004 (Özuluğ et al. , Tarkan et al. 2006 .
Prussian carp easily becomes a dominant species in stagnant-and slow-running water, and may change the flow of nutrients in the entire ecosystem (Tsoumani et al. 2006) . The density of native species is also adversely affected by Prussian carp introductions (Tarkan et al. 2012b) . Therefore, it has been considered as one of the most dangerous newcomers to native fish communities (Crivelli 1995 , Kalous et al. 2004 . Freshwater ecosystems are seriously imperilled by the spread of non-native fishes thus establishing profiles of their life-history characteristics in an emerging tool for developing conservation and management strategies (Ribeiro et al. 2008) . In order to determine the impact of invasive organisms on native species and on ecosystem functioning, more observational and experimental studies are needed. Monitoring the life history characteristics of an invasive fish species in different locations is a part of such research (García-Berthou 2007) . To prevent the spread and establishment of new populations of Prussian carp, and to remove it from previously invaded environments, its biological characteristics should be determined in different habitats.
In Turkey, the Prussian carp has been poorly studied and very little biological information is available.
Comparison of some biological parameters of a given species in different ecosystems allows us to support opinions about the influence of environment on species growth. The aim of the presently reported study was to describe the growth and reproduction of Prussian carp introduced into a reservoir in Central Anatolia. materiaLs and methods study area. Fish specimens were caught from Gelingüllü Reservoir, Yozgat, Central Anatolia (35°032′02′′E, 39°36′30′′N). The reservoir was created for irrigation purposes at the end of 1993 on the tributaries (Kanak and Eğriöz) of the Kızılırmak River. The reservoir is elevated 1050 m above the sea level and continental climatic conditions typical of Central Anatolia prevail in the region. According to mean temperature values for 1997-2003, the maximum and minimum air temperatures in the area were 19.6 °C in August and -2 °C in January, respectively. While the water temperature varied between 8 and 10°C within the 5 m water layer below the surface in the spring, it reached 20°C during summer. Water temperature was approximately 5°C throughout the autumn and the water surface-especially in shallow parts of the reservoir-was covered with ice in winter. Due to the climatic conditions in the region, fishing is possible only from March to November. Dissolved oxygen content of the water was 11 mg • L -1 in spring, but during summerespecially in the deeper (around 5 m) parts of the water column-it was below the critical level of 5 mg • L -1 for cyprinids. The water was slightly alkaline and pH ranged from 7.9 to 9.2. Electrical conductivity of the water varied from 423 to 636 μS • cm -1 (Kırankaya unpublished * ).
The native ichthyofauna of the area consists of Capoeta baliki Turan, Kottelat, Ekmekçi et Imamoglu, 2006; C. sieboldii (Steindachner, 1864) A total of 344 Prussian carp specimens were collected using gill nets varying in mesh size from 20 × 20 mm up to 100 × 100 mm with the aid of local professional fishermen. The fish captured were killed using an overdose of 2-phenoxyethanol and subsequently examined. The key to species of Carassius in Europe given by Kottelat and Freyhof (2007) was used for the identification of Carassius gibelio. methods for collecting biological data. Fork length (FL) and total length (TL) were measured to the nearest 0.5 cm and wet body weight (W) was measured to the nearest 0.1 g. Age was determined by scale reading. Scales below the first ray of the dorsal fin and above the lateral line were removed, placed between two slides after cleaning with 4% KOH, and read under a binocular microscope independently by two researchers (Lagler 1966) .
Mean length at age data were used to estimate the von Bertalanffy growth parameters:
where L t is the FL of fish at time t, L inf is the asymptotic FL, k is the rate at which the asymptotic length is approached, and t 0 is the hypothetical age at L t = 0.
The relation between FL [cm] and W [g] was estimated separately for males and females using log-transformed data. Differences in length-weight relation curves were compared between males and females, and to evaluate the growth curve the variation of the coefficient b from 3 was determined using Student's t-test (Zar 1999) .
The specific growth rate (G) (Wootton 1990) was calculated as follows: Fulton's condition factor (K) was calculated monthly using the equation (Lagler 1966) : K = W • FL -3 Nested ANOVA was used to determine the significance of difference in K between sexes and years. Sex was determined by visual examination of gonads. The sex ratio was determined using the chi-square (χ 2 ) test (Zar 1999). Gonads were removed and weighed to the nearest 0.01 g, and ovaries were preserved in 4% formaldehyde solution. Temporal patterns in gonad development were described using the gonadosomatic index (GSI), based on the equation: GSI = 100 GW • W -1 where: GW is gonad weight and W is total body weight. Mean GSI values were calculated monthly from March to November. GSI was compared between sexes by nested ANOVA (Zar 1999).
Age and length at first maturity were determined according to the logistic regression model, using the following equations:
) where: P m is the rate [%] of mature fish in each age and length group, L is the mean value [cm] of each length group, L m is the shortest length [cm] of the mature fish comprising at least 50% all fish at this length, t is the age group, t m is the youngest age (year) of the mature fish comprising at least 50% of all fish of this age, and r is the curve of the logistic function (King 1996) .
Mature ovaries were sub-sampled (1 g) from the anterior, middle, and posterior portions of each ovarian lobe, and then the eggs were examined under a stereomicroscope. Egg diameter was measured using PC-based image analysis BAB-Bs200Pro (Ankara, Turkey) software. Eggs were classified into 3 groups, according to colour and size as immature, maturing, and mature (Thompson and Hannah 2010), and each group was counted separately. Total fecundity (F t ) was estimated by the gravimetric method (Laevastu 1965, Bagenal and Braum 1971) . The relations between fecundity and fork length and total weight were determined from the equations, F = aL b and F = a + bW, where F is the number of eggs (fecundity), L is fork length [cm] , W is total weight [g] , and a and b are the constant parameters in the regression analysis. The percent contribution of each age group to total fecundity of the population was estimated iteratively.
resuLts
In total, 344 Prussian carp individuals were caught during the study period. The sample comprised of 139 females and 193 males; 12 specimens were determined to be juveniles. The overall sex ratio was 1 : 0.73 (male : female) and differed significantly from parity (χ 2 = 8.78, P < 0.05).
The Prussian carp population in Gelingüllü Reservoir was represented by six age groups, ranging from 0+ years to 5+ years ( Fig. 1) . Age groups 2+ and 3+ predominated, representing 46% and 36% of all specimens, respectively. Males were predominant in age groups 1+, 2+, and 3+.
The relation between TL and FL was described by the equations: TL = 0.8014FL + 0.9782 (r 2 = 0.98) for females and TL = 0.7738FL + 1.2736 (r 2 = 0.96) for males FL in the Prussian carp ranged from 5.6 to 26.8 cm for females and from 6 to 27 cm for males. In juveniles minimum and maximum FL were 7.5 and 14.3 cm, respectively. The length frequency distribution showed that there was a significant difference between males and females (ANOVA: F = 3.87, df = 1, P < 0.05) (Fig. 2) .
Mean FL values were 5.6 cm at age 0+ and 26 cm at age 5+ in females, versus 6 cm at age 0+ years and 27 cm at age 5+ years for males (Fig. 3 ). There were no significant differences in mean length between males and females in any of the age groups.
Calculated von Bertalanffy growth parameters are presented in Table 1 . According to Taylor (1962; cited after Grabowska et al. 2011) , the maximum observed length should be approximately 95% of the estimated asymptotic length (L inf ) (Grabowska et al. 2011 ). In the studied Prussian carp population, the maximum observed FL for males and females were 27 and 26.8 cm, respectively. These values were 83.9% of males and 74.38% of females L inf . Therefore, the model was slightly overestimated for females. Body weight of the specimens ranged from 3.8 to 597 g for females and from 4.3 to 539 g for males. In juveniles, weight ranged from 3.3 to 101.8 g.
The regression of body weight on fork length revealed that there was a significant difference in the slope of regressions between the sexes (Student's t-test, t = 2.79, P < 0.05) ( Table 2 ). The results given in Table 2 indicated that females grew isometrically and that there was no deviations from b = 3 (Student's t-test, t = 0.88, P > 0.05), whereas negative allometric growth was observed in the males, with deviation from b = 3 (Student's t-test, t = 3.68, P < 0.05).
The annual specific growth rate decreased with age ( Fig. 4) : for females age 1+ G L was 85% and G w was 282%, whereas G L and G w were 20% and 52% for females age 2+. In males G L decreased from 70% at age 1+ to 26% at age 2+ and G w was 237% at age 1+ and 70% at age 2+.
After the first year of life the growth rate in females was lower than that in males.
The annual cycle of condition factor exhibited an almost similar pattern for both sexes (ANOVA: F = 70.74, df = 1, P < 0.05) (Table 3 ). In both sexes there was a tendency for the condition factor to increase from spring to summer. The minimum mean K was observed in March in males and in November in females. The mean peak value of K was in June in males and in May and June in females. The condition in females was higher than that in males throughout the year.
Mean age at first maturity was 1.74 years in females and 1.42 years in males. Mean length at maturity in the males and females was 11.42 cm and 13.2 cm, respectively.
The gonadosomatic index varied throughout the year (Table 3) , but there were no significant difference between the males and females (ANOVA: F = 126.7 df = 1, P > 0.001). In females mean GSI began to increase in March and attained 8.92 in April. Macroscopic analysis of gonads showed that 14.9% of the mature females spawned in April, when the mean water temperature was 11.7°C. During this time individual GSI values in the female Prussian carp were highly variable, ranging from 0.38 to 15.8, and both spawning and spawned females were observed simultaneously. In May and June mean GSI was 14.37 and 14.34, respectively, but sharply declined in July. Similar to the findings observed in April, mean GSI in the females during July was highly variable; approximately 70% of the mature females laid their eggs at this time. In males mean GSI was 3.73 in March and reached its maximum in June. After June mean GSI gradually decreased to its minimum in August. According to the monthly variation in mean GSI, a prolonged breeding period was observed from April until the end of July.
Ovaries simultaneously contained eggs of three different developmental stages-immature, maturing, and mature-especially during the breeding season (Fig. 5 ). (Fig. 5) ; however, assuming that all oocytes could mature during the spawning season total fecundity (F t ) was considered as the number of all oocytes in ovaries. Oocytes in the previtellogenic phase of development can be a reservoir of reproductive cells for subsequent years. The smallest female with mature eggs had FL of 12 cm and weighed 49 g at age 1+; F t in this female was 8544. The maximum individual fecundity value, with 174 057 eggs, was observed in a female aged 4+ years that had FL of 22 cm and weighed 287.4 g. F t was related to female fork length and body weight, based on the equations:
F t = 0.434FL 3.767 (r 2 = 0.412) and F t = 239.9 W -10.858, (r 2 = 0.533), respectively. Fecundity was not strongly associated with body length or weight, as is expected in multi-spawners. Mean F t increased gradually as the spawning period progressed, as seen in Table 3 .
The 3+ years age group contributed the highest percentage (55.8%) to total fecundity of the population (Table 4) . (Balık et al. 2004 , Sarı et al. 2008 , Emiroğlu unpublished * ). The high fecundity observed in the females in the presently reported study 3+ years age group made a special contribution to the population (Table 4) . Prussian carp is not a commercially valuable species for fisheries in Gelingüllü Reservoir and it was incidentally caught by gill nets varying in mesh size that are used for other species. Thus, selectivity of fishing gear did not appear to have any effect on the age structure of Prussian carp. Maximum FL and W in Prussian carp was approximately 27 cm and 597 g, respectively, in this study. Although there were fewer age groups in the studied population, as compared to European populations, maximum length and body weight were similar to 26 cm and 750 g reported by Szczerbowski (2001) . Tsoumani et al. (2006) found that fork length in Prussian carp specimens from 12 different lakes in Greece ranged from 14.5 to 37.7 cm. Prussian carp can attain fork length of 33 cm and weight of 873 g in Turkey (Balık et al. 2004 , Emiroğlu unpublished * ). According to the von Bertalanffy model, females in the presently reported study were slightly larger than males and the asymptotic length (L inf ) in females was greater than that in males.
The length-weight relation observed in this study also suggested that there was a difference in growth between sexes; negative allometric growth was observed in males, whereas females grew isometrically. Negative allometry appears to be a common pattern in Prussian carp, as reported by Tsoumani et al. (2006) .
Additional differences observed in growth parameters between males and females in the presently reported study are supported by the specific growth rate. During the first year of life the specific growth rate in length was approximately 85% for females and 70% for males. These high values decreased sharply after sexual maturity was attained. Similarly, the rate of weight increase was higher in the females (282% for females and 237% for males) during the first year of life. It is known that such an accelerated growth rate allows the fish to attain early maturity , Grabowska et al. 2011 ; thus, the annual increase in growth diminishes sharply after sexual maturity. A high growth rate during the first year was observed in fish species that mature early (Nikolsky 1963). In Prussian carp populations a high growth rate during the first year of life may be an adaptation for increasing fitness rapidly.
Both the length-age relation (Table 5 ) and von Bertalanffy growth equations (Balık et al. 2004 , Çınar et al. 2007 , Özkök et al. 2007 , Sarı et al. 2008 , Emiroğlu unpublished * ) showed that Prussian carp in the Gelingüllü Reservoir grew slower than the majority of other populations in Turkey. Although the species exhibits a higher growth rate in artificial water bodies in Turkey (Tarkan et al. 2012a) , the lower growth rate observed in the presently reported study was likely due to differences in climate, food resources, density-dependent factors, and possible competition for food with other carp. Moreover, Tsoumani et al. (2006) reported that Prussian carp exhibits good growth performance in mesotrophic and oligotrophic lakes. Gelingüllü Reservoir is mesotrophic in character (unpublished data by Kırankaya), but we also know that the growth rate of Prussian carp markedly decreases in areas densely stocked with carp (Szczerbowski 2001); therefore, the observed lower growth rate of Prussian carp in Gelingüllü Reservoir might have been due to its location at 1050 m. above sea level and its dense mirror-and scaled carp stocks.
The somatic condition cycle (K) varied according to season in the present study; the lowest values were recorded in early spring and autumn. As the water temperature increased in spring, and feeding activity and gonadal maturation started, K increased to its maximum value in May and June. At the end of summer when spawning terminated, the condition factor in the Prussian carp gradually decreased.
The male to female ratio in the present sample of Prussian carp differed significantly from parity (in overall specimens 1 : 0.73). In Prussian carp gonad differentiation takes place between 60 and 70 days and sex differentiation terminates at 120 days after hatching (Bieniarz 1986); therefore, sex was determined in the present study without any doubt, even in some individuals in the 0+ year group. Indeed, a pronounced female bias in the sex ratio is quite common in Prussian carp populations (Szczerbowski 2001). Gynogenesis is the commonly known reproduction strategy for Prussian carp, and females significantly outnumber males in the majority of populations (Vetemaa et al. 2005 , Bostancı et al. 2007 , Sarı et al. 2008 , Leonardos et al. 2008 , Liasko et al. 2011 , Tarkan et al. 2012a , whereas bisexual populations are also observed (Szczerbowski 2001). Abundance of males in Gelingüllü Reservoir suggested that this population is probably bisexual. Indeed, reproduction mode of Prussian carp population in Gelingüllü Reservoir could be accurately determined by genetic investigations. In Gelingüllü Reservoir both males and females attained sexual maturity the year following hatching. Szczerbowski (2001) reported that Prussian carp attains sexual maturity at age 3+, 4+, and 5+ according to latitude in its range of occurrence, and at age 2+ in Romania, however, in the studied population both sexes reached maturity after the first year of life as observed in many Prussian carp population in Turkey (Tarkan et al. 2012a, b) . Early maturity is one of the most important characteristics of invasive species, which ensures establishment of a sustainable population in new environments (Rosecchi et al. 1993 , Yang 1996 , Vila-Gispert et al. 2005 . On the other hand, according to life history theory, the cost of early maturity is a reduction in lifespan (Oliva-Paterna et al. 2002) . Early sexual maturity in the present Prussian carp population might explain its success and short life span.
The spawning season in the studied population was longer than that recorded for Prussian carp in its natural range, in which reproduction begins by the end of May or during June at a water temperature of 18-19°C (Szczerbowski 2001) ; however, in the presently reported study it began in April, when the water temperature in Gelingüllü Reservoir was 11.7°C. Paschos et al. (2004) observed a short spawning period in the Pamvotis Lake population between March and April at a water temperature of 12-14°C, but for introduced Prussian carp populations in Turkey the duration of the spawning season is reported to last 3-4 months (Balık et al. 2004 , Emiroğlu unpublished * ), as observed in the present study. The breeding season in fish species depends on several environmental factors such as photoperiod and water temperature (Wootton 1990); hence, populations of a species in different geographic locations may exhibit differences in their breeding period. On the other hand, the prolonged spawning period is a key characteristic of multiple spawners (Rinchard and Kestemont 1996) .
The size frequency distribution of oocytes remained polymodal throughout the year in the presently reported study. Ovaries contained oocytes at different stages of development (mature, maturing, and immature), indicating that the females could spawn several times during the reproductive period. Such asynchronous oocyte development classifies this fish as a multi-spawner. Indeed, Prussian carp is a multiple spawner and females release 2-3 batches of eggs each year (Muus and Dahlström 1981, Szczerbowski 2001) . Successful invaders have asynchronous gonad (oocyte) development and multiple spawning properties (Bogutskaya and Naseka 2002, Vila-Gispert et al. 2005) . The multiple spawning strategy has advantages in fluctuating environments, as all progeny are not at risk during one reproductive event, when a climatic change could destroy all offspring in a given year (Oliva-Paterna et al. 2002) . Although ovaries were observed to be asynchronous in the presently reported study, as there were oocytes in different stages of vitellogenesis, three maturation cycles of yolky eggs were noted. Thus, a female could spawn at least two batches of eggs per breeding season. Both the GSI values and our observations on development of eggs revealed that the Prussian carp in the present study had a short gonadal quiescent period. Development of gonads in autumn may be an advantageous strategy for a species; thus, fish spawn early in spring (Rinchard and Kestemont 1996) . Mean F t reached up to 130 000 in the population studied. According to Szczerbowski (2001) , the fecundity in Prussian carp in ponds varies from 3000 to 205 000. Individual fecundity values exceeded 174 000 and it was higher, in relation to other Prussian carp populations in Turkey (Balık et al. 2004 . The observed fecundity values indicate that the Prussian carp established a very fecund population in the Gelingüllü Reservoir. On the other hand, mean fecundity increased as the spawning period progressed, suggesting that there was recruitment from the stock of the immature eggs.
Although the spawning season was between April and July, spawning occurred mostly during May and June, which is supported by both GSI and the ratio of mature eggs to total eggs.
The Gelingüllü Reservoir Prussian carp population was characterized by rapid growth, early maturity, a high level of reproductive effort, and a short life span. These life history characteristics are typical of populations in unstable environments, in which adult mortality is high, variable, or unpredictable (Fernández-Delgado and Herrera 1995). The species benefits from producing many offspring early in life, because both factors contribute to a higher rate of population increase. The corresponding cost of reduced capacity for future reproduction is minimized, because adult survival is low by default. Prussian carp are able to expand their range of distribution through various biological mechanisms, ecological plasticity, and a high tolerance for unfavourable environmental conditions. 
